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which make up the body are done, or osseous tissue ; 
muscle, or muscular tissue; cartilage, or gristle ; fat and 
nerve tissue. 

6. Minute Structure of the Body.— When we 
examine any part of the body with the microscope, we 
find it made up mainly of fibres, fluids, 
and cells. The original element out 
of which every other element of the 
body is formed is the cell. The fibres 
serve to give firmness to the tissues 
or organs and to bind the most minute 
parts of the body together. Fibres yo. ».—with blood.cells 
are properly whitish or yellowish '» pid Bea sean 
threads, slender as one can imagine. 

Some are elastic ; others are not, but very tough and 
strong. 

The cells are so small that we must use a powerful 
microscope to see them at all. In a general way we 
may compare them to the tiniest bags filled with a 
semi-fluid mass, in which another still smaller bag 
floats, and is called the zucleus of the larger one. 
Cells are of all shapes and sizes, round, flat; thick, and 
long. Thus, we shall learn in a succeeding chapter of 
the rounded cells, or corpuscles, which float in the 
blood, and of the flattened cells which can be scraped 
from the outer or scarf skin. 

The life of a cell is one of ceaseless change. It is 
ever changing its form. If’we watch the cells under a 
microscope, we find them dividing themselves into parts 
with the greatest rapidity. In their never-ending 
changes, they are doing a remarkable work in our bodies. 
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g. General Plan of Study. — We shall now proceed 
to study some of the most simple facts about the human 
body, together with the laws of Hygiene that must be 
obeyed to insure its health. 


1c. 5.— Contents of the Chest and Abdomen. 
Special emphasis will be laid upon the nature and the 
effects of alcoholic drinks, tobacco, and other narcotics. 
Reference will be made to the value and importance 
of physical culture. 
For convenience the whole subject will be considered 
under the following general topics : — 
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knit together. In old age, there is more lime in the 
bones than animal matter: hence they are brittle, and 
easily broken. They unite slowly, and sometimes not 
at all. 


12. General Structure of the Bones. — If we takea - 


long bone, like that from a sheep’s leg, or even a part 
of a beef shin-bone, and saw it lengthwise, we see that 


a? 


Ss 


, 


Fic. 7.— A thin slice of bone, cut crosswise, as seen under the microscope. 
the ends are soft and spongy, while the shaft is hard 
and compact. It is hollow, and the central cavity runs 
almost the whole length of the bone. It is filled, in 
life, with a soft substance called marrow. 

If the bones were solid, they would be much too 
heavy for ordinary use. A bone may be hard as a rock 
on the outside, on account of its thin, dense layer of 
compact bony tissue, and yet be light because of its 
cavity and the trellis-work of loose, spongy texture at 
the ends. 
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“about a bone.” All bones are covered with perios- 
teum except where they go to forma joint. They would 
die if this covering were for any cause removed. 

Bones have a great number of blood-vessels, which, 
becoming very small and hair-like, pass through tiny 
holes, or tubes, in the bones, and bring materials for 
their nourishment and growth. The tiny tubes called 
“canals,” through which the blood- g 
vessels of the bones travel, can be 
seen only with a microscope. 
Round these tubes the bony matter 
is arranged in layers, and between 
these layers are small cavities. 
These cavities are joined to each * 
other, and to the canal which they 
surround, by other extremely fine 
tubes. 

As seen under the microscope, 
the appearance is not unlike a small 


Fic. 8. — Cross Section of Bone, 
FE i highly magnified; the Canals 
animal with a great many legs. are left white. 


Thus the bones are tunnelled, like honey-comb, with 
passages through which the blood — “ the river of life” 
— flows in every direction. (Fig. 7.) 


THE HEAD. 


14. The Head. —The skeleton, or bony framework of 
the ‘“‘house we live in,” consists of the bones of the 
head, the trunk, and the extremities. 

The bones of the head include those of the cranium 
and those of the face. Together they form the strong 
box of bone commonly called the skull. 


18 YOUNG FOLKS’ PHYSIOLOGY 


CERVICAL VERTEBRA 


Fic. 9.—Skeleton of Man. 
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21. The Hips.—The lower part of the trunk is 
formed by two large, irregular bones, very firm and 
strong, called the hip or haunch bones. They join the 


Fic. 13. — The Pelvis. 


sacrum behind, and each other in front. The two hip- 
bones, with the sacrum and coccyx, form a kind of bony 
basin called the pelvis, in which many important organs 
are held. Each hip-bone has a deep, cup-shaped cavity, 
or socket, into which the rounded head of the thigh-bone 
fits. 


The Hyoid Bone. — Under the lower jaw is a little horseshoe-shaped 
bone called the Zyo¢d bone because it is shaped like the Greek letter v. 
The root of the tongue is fastened to its bend, and the larynx is hung 
from it as from a hook. The hyoid, like the knee-pan, is not connected 
with any other bone. 


THE UPPER LIMBS. 


22. The upper Limbs.— Man has two upper and 
two lower limbs. Each upper limb consists of three 
parts, the upper arm, the fore-arm, and the hand. Each 
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41. The Tendons. —If we bend the leg or arm, and 
grasp the inside bend of the joint with the hand, we feel 
the motion of cords just beneath the skin. These are 
the tendons, or sinews, forming the tapering ends of 
muscles, which are fastened to the bone. 

Tendons are white, glistening cords, like belts or 
straps, which connect the muscles with the bones. They 


Fic. 26. — Muscles and Tendons of the Hand. 


are very strong, but flexible. Children often amuse 

themselves by taking the leg of a fowl, a rabbit, or some 

small animal, and moving the toes by pulling a white 

cord in the leg. This cord is a tendon. Tendons are 

most numerous about the joints, especially the larger - 
ones, like the knee and elbow. They save a great deal 

of space, and allow great freedom of movement, where 

muscles large enough to do the work would be exceed- 

ingly bulky and clumsy. 
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* alter the food chemically, and so fit it for absorption 
into the blood. 


fever 
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Fic. 35.— Blackboard Diagram of the Digestive Canal. 
The process by which the food is made fit to mix 
with the blood is called digestion. 
83. What takes Place in the Mouth. Chewing of 
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the Food. — The mouth is a hollow box, with a movable 
floor formed by the tongue and lower jaw. At the top 
is the hard palate ; in front, the lips and the teeth ; 
and at the sides, the cheeks and the teeth. The mo- 
ment food is taken into the mouth, it is rolled over by 
the tongue, and crushed and ground into very small 
pieces by the teeth. 

This process is called chewing, or mastication. 

84. The Teeth. — The teeth are small, hard, white, 
bone-like bodies fixed in the jaws, pressing against each 


Fic. 36.—Tue Aputt TreTuH.—1, 2, The cutting teeth (incisors). 3, Canine 
(cuspid). 4, 5, Small grinders (bicuspids). 6, 7, 8, Grinders (molars). 
other as the jaws work, so as to cut and grind the food. 
They are fastened into the jaws by roots, which sink 
into the bony sockets somewhat in the same way as a 
nail is held in a piece of wood. 

Teeth are made of three things, — dentine, cement, and 
enamel, Dentine, the familiar ivory of commerce, is a 


i 
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The food is rolled over and over, and thoroughly mixed 
with the gastric juice. Two rings, one at the entrance 
and the other at the outlet, keep the food in the stom- 
ach while it is being churned about and digested. 

The gastric juice has scarcely any effect on the 
starchy matters, but acts on the albumens, such as are 
contained in meat, cheese, eggs, etc., to make a com- 
plete solution. 


Fic. 42.— The Stomach, showing its outer layers of muscular fibres. 


Some of these dissolved albumens, together with some 
of the starchy matters dissolved by the saliva, are at 
once sucked into the blood by the blood-vessels in the 
walls of the stomach. The remainder of the mass, a 

' thick, pulpy, soup-like substance, resembling gruel, is 
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duct, which carries the fluid upwards, along the back- 
bone, and pours it into a vein in the neck. The tho- 
racic duct is about eighteen inches long, and about as 
large as a goose-quill. It acts as a feeding-pipe, to 
empty the nutritive matter absorbed from the food into 


[oe LEFT. SUSCLAVIAN VEIN 
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Fic. 44.— Lacteals ending in Thoracic Duct, which empties into a Vein in the Neck. 


the blood-current. The lacteals are merely lymphatics, 
which begin in the villi of the intestines. 

In all parts of the body, except the brain, spinal cord, 
eyeball, and tendons, we find thin-walled vessels busily 
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here. The water supplied to the city does not return to the 
pumping-station, whereas the blood returns to the heart. 
When the blood has been pumped through every 

part of the body, and has given to it its nutritive sup- 
ply, it receives from the tissues certain waste matters, 

the result of wear and tear, Hence the blood is no 

longer fit for nourishment. It is now more like a kind | 
of sewer-stream laden with waste matters. These, in 

due time, are brought to certain organs, as the lungs, 

the skin, and the kidneys, and cast out of the body. 


Fic. 47. — The Heart and its Large Blood-Vessels. 


107. The Heart.— The heart is a hollow, muscular 
organ, somewhat like a pear in shape. It is hung 
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into the right ventricle lies open, through which the 
blood flows until it is full. The ventricle now begins 
to contract; the tricuspid valve at once closes, and 
thus prevents the reflow 
of blood. The blood is 
driven into the pulmo- 
nary artery through the 
semilunar valve. 

This artery carries the 
blood tothe lungs. The 
dark, impure blood is 
driven along narrower 
and narrower vessels 
until it reaches the cap- 
illaries of the lungs, 
Here it is, as it were, 
spread out to be purified. 
Exposed to the oxygen 
of the air, the blood gives 
up its impurities and its 
purple look. 

It takes up a great 
deal of the oxygen of 
the airin exchange; and 
in a purified state, and 
of a bright scarlet color, 
it comes back to the heart by the pulmonary veins, 
which pour it into the left auricle. 

From the left auricle the blood is forced through the 
mitral valve into the left ventricle. As soon as the left 
ventricle is full, it begins to contract. The mitral valve 


Fic. 51. — Diagram of the Arterial System. 
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First, to bring a fresh supply of oxygen to the blood, 
by means of the lungs. 


K } a rae a4 


Fic. 53. — Showing the relative position of the Heart, Lungs, Liver, etc., with reference 
to each other and the chest-walls. 


Second, to get rid of carbonic acid and waste matters 
taken up from the tissues, and brought to the lungs by 
the blood. 
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slight accident. The surface feels raw, and oozes a 
little clear fluid, or perhaps a little blood. 


Wotrent Arcery 


. 


Fic. 58.—A sectional view of the Skin (magnified). 


This is the deeper portion of the scarf-skin, which is 
constantly growing, and developing millions of little 
round cells to take the place of the flat, horny, and life- 
less scales of the outer portion, which are continually 
dropping off, or being removed by friction. 
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to the nervous system may paralyze some or all of the 
various organs, and at last produce death. 

The nervous system may be compared to nothing so 
aptly as to a complete telegraphic system. The brain 
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SPINAL CORD 


__CUT ENDS OF 
SPINAL NERVES 


Fic. 59. — Diagram of Brain and Spinal Cord. 


itself is the main office ; and the thousands of nerve- 
fibres, branching off to all parts of the body, are the 
telegraph-wires.. Telegraphic despatches are constantly 
being sent to the brain, to inform it of what is going 
on in various parts of the body. The brain, on receiv- 
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2. The sympathetic system, which is connected mainly 
with the organs of digestion, circulation, and respiration. 

148. Nerve Tissue. — Nerve-tissue is the soft, mar- 
row-like substance which forms the principal bulk of 
the brain, the spinal 
cord,andthe nerves. In 
the brain the inner part 
is white, and the outer 
layer is a gray or gray- 
ish-pink substance. In 
the spinal cord the in- 
ner part is gray, and the 
outer white. The gray 
is richer in blood-vessels 
than the white. 

All muscular action, 
we have learned, results 
in the oxidation, or 
burning, of the muscles 
themselves. In the 
same way the work of 
the brain causes the 
oxidation, or burning up, 
of its nerve-tissue; so 
that every thought, 
every sensation, every 

Fic. 60.— Diagrammatic view of the Brain, effort of the will, which 

Spinal Marrow, and Nerves (from behind). goes from the brain, 
destroys a part of its substance. : 

The nerves are really so many portions of the brai 
and spinal cord, extending into every minute part of the 
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150. The Cerebrum, or Brain Proper. — The cere- 
brum fills the whole of the upper part of the skull, and 
is nearly seven-eighths of the entire mass. It consists 
of two parts, or halves, almost entirely separated from 
each other by a deep cleft, or fissure, from front to 


Fic. 61. — Under Surface of the Brain. 


back. Each of these halves —or hemispheres, as they 
are called — consists of three portions, or lobes, so that 
the cerebrum is made up of six distinct parts. 

The cerebrum has a peculiar folded-up appearance ; 
its various folds, or convolutions as they are called, 


i 
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pupil is too large to endure it. An impression is made 
on the sympathetic aa iY. 

nerves, which cause oY 
the pupil to contract 
slowly while we are 
shading our eyes. 

159. The Health 
of the Nervous Sys- 
tem. — Jt is not nec- 
essary to discuss in 
detail the health of 
the nervous system, 
as we have done with 
the other parts of the 
body. The health of 
every tissue and of 
every organ of the 
body is dependent 
upon, and woven in- 
to, the welfare of the 
nervous system.} 

1 “Asa king sits high above 
his subjects upon his throne, 
and from itspeaks behests that 
all obey, so from the throne of 
the brain-cells isall the kingdom 
of a man directed, controlled, 
and influenced. For this occu- 
pant, the eyes watch, the ears 
hear, the tongue tastes, the nos- 
trils smell, the skin feels. For 
it, language is exhausted of its 
treasures, and life of its expe- 
rience; locomotion is accom- 
plished, and quiet insured. When it wills, body and spirit are goaded like over. 
driven horses. When it allows, rest and sleep may come for recuperation. In 


short, the slightest penetration may not fail to perceive that all other parts obey 
this part, and are but ministers to its necessities.” — Odd Hours of a Physician. 


Fic. 66. — The Great Sympathetic Nerve. 
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troubles, abuse his digestive organs by too much or too 
little food, go without proper sleep, turn night into day, 
try to prop up his flagging energies with more or less 


Fic. 67. —Superficial Nerves on the right side of the Neck and Head. 


of alcoholic liquors, and the strain on the nervous 
system will make a physical and mental wreck. 
Like a spendthrift, who lavishly spends his principal, 
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taste, nor by particles of matter falling upon the end 
of nerves, as in the sense of smell. In this sense, 
impressions are produced upon nerves by wave-like 
vibrations in the surrounding air. 

This is the sense of hearing, only second in impor- 
tance to the sense of sight. All sounds are produced 
by the vibration of some body in the atmosphere. The 
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Fic. 69. — Sectional View of the Nose. 


body sends out these vibrations to the surrounding air, 
which carries forward a series of waves in all direc- 
tions. 

These air-waves are received, and the impression 


1 We shall understand these air-waves better if we throw a stoneintoa pool of 
water, and watch the result. We see a series of tiny circular ripples gradually 
spread themselves over the surface of the water from the spot where the stone 
fell. This exactly represents the waves of sound caused by the vibration of 
bodies in the air. ‘These air-waves travel with wonderful rapidity. The usual 
velocity of sound is about eleven hundred feet a second. 
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shut out some of the rays. When the light is faint, 
the curtain is drawn back from the pupil in order to 
admit as many rays of light as possible. The black 
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Fic. 72. — Section of Eyeball. 


appearance of the pupil is due to the thick black coat- 
ing which lines the inside of the choroid. It is like 
looking through a small window into a room in which 
the walls are hung with black paper. 

Just behind the iris is a clear, transparent, jelly- 
like body, called the crystalline lens. It is convex, or 
rounded, both back and front, and is about one-third of 
an inch in diameter. It is shut up in a kind of trans- 
parent bag, and is held in its place by a number of little 
bands. The crystalline lens separates the front cham- 
ber of the eye from the back chamber. 
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the kidneys of man have the same shape, and look 
like those of a sheep, only a little longer. 

The name “kidney” is popularly given to a kind of 
bean,“ the kidney 
bean,” because of 
its resemblance to 
the shape of a kid- 
ney. 

A kidney is a bun- 
dle of long tubes, 
not so very unlike 
sweat - glands, all 
bound together into 
the kidney-shaped 
mass, whose appear- 
ance is familiar to 
us. The blood filters certain waste matters which be- 
_come urine into these tubes, just as it secretes sweat 
into the sweat-glands. 

The urine is conveyed from the kidneys by two tubes, 
called the ureters, to the bladder, from which it is cast 
out of the body. Thus the kidneys purify the blood by 
carrying off urea and other waste matters dissolved in 
a large quantity of water.! 

The kidneys are very important organs in helping to 
keep the blood pure. They rid it of the nitrogenous 
portion of the waste products which it is always re- 


Fic. 74. — The Kidneys. 


1 The whole of this excretion is called the urine. Itis in reality water, 
holding in solution urea and several other salts. The urine is constantly being 
secreted by the kidney. It is carried to the bladder by two tubes, the bladder 
serving as a reservoir. It collects in the bladder until that organ is nearly full, 
when it is emptied by contraction of its walls, aided by the abdominal muscles. 
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39. Zo show how Alcohol burns, — Turn a little alcohol 
into an old-fashioned fluid lamp. Light it, and note the 
character of the light and the heat. Put a white saucer or 
plate closely down on the flame for a few minutes. 

Note that the alcohol burns without soot, giving little 
light but great heat. 


SUGGESTION. — If a fluid lamp is not easily obtained, use a small kero- 
sene lamp without the chimney. A lamp good enough for simple experi- 
ments can be made out of a common mucilage bottle, using the hollow 
handle of the metallic brush for the wick. A 
piece of a bean-blower run through the cork of 
an empty horse-radish bottle, using a rolled piece 
of kerosene-wick for the wick, will also provide 
the necessary apparatus for an alcohol lamp. 


40. Zo show that Alcohol and Water 
unite readily, with a Slight Decrease of 
Volume. — Use a test-tube which will 
contain one fluid ounce (eight teaspoon- 
fuls). Drop in thirty drops each of 
alcohol and water. Gum a strip of white 
paper four inches long and one-fourth of 
an inch wide to the side of the test-tube, 
bringing the lower end on a level with 

Fie. 88. the sixty drops of fluid in the tube. 
Have the strip of paper marked off into inches and one- 
eighths of an inch. 

Drop water carefully into the tube until exactly two inches 
have been added, as shown on the graduated paper; then drop” 
in alcohol until exactly two inches more have been added. 
Shake the tube carefully, taking care not to spill any of 
the fluid. 

Note that the alcohol and water unite with a slight de- 
crease of volume. 
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in Fig. 96. Leta glass tube run from bottle 4, and empty 
into a glass jar(C). Use a little putty or sealing-wax to stop 
any leaks made by the tubing running through the corks. 

Fill the bottle .4 about one-half full of molasses. Add 
one yeast-cake which has been dissolved in water. Fill the 
bottle with water, and shake vigorously. Fill the bottle B 
nearly full of water. 

Keep the apparatus in a warm room for two or more days ; 
an even temperature of 75° to 80° F. will do. 

The pupil will note that the fluid in the bottle 4 soon 
begins to “work,” and that a substance called the lees set- 


Fic. §. 


tles to the bottom of the bottle. The water in Bottle & will 
pass up the tube and over into the glass jar C. Note also 
that there is a change in the smell of the liquid. By the 
change that has taken place a gas has been formed which 
has forced the water in & over into the glass jar. This 
change is called fermentation. 

46. Zo show the Presence of Alcohol in Distilled Liquors. — 
Heat hard cider or sherry wine in a large-sized test-tube over 
an alcohol lamp. Runa piece of glass tube, bent at right 
angles, through a cork which fits the test-tube ; let the other 
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end of the tube be fitted into the cork of a wide-mouthed 
bottle which is set into a basin of cold water to condense the 
steam, 

The resulting liquid has a marked odor and taste. It is 
stronger than the fermented liquid. ~This process is called 
“distillation,” and the resulting liquid, “distilled liquor.” 


FIG. go. 


47. Pour one-half of a pint of hard cider into a common 
tin coffee-pot. Fasten a piece of rubber tubing to the spout. 
Have the other end of the tubing run into a wide-mouthed 
bottle sunk into a basin of cold water. Cloths wrung out 
in ice-water may be wrapped round the bottle. Heat the 
cider in the coffee-pot by an alcohol lamp, placed as shown 
in Fig. 97. Do not allow the cider to boil. 

Note that the color and odor of the resulting liquor differ 
from the color and odor of the hard cider. A stronger 
liquor has been produced by this process. This process is 
called distillation. The stronger liquor has been separated 
from the water. It may be necessary to re-distil the result- 
ing liquor several times before a liquor is found pure enough 
to burn. 
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taste and that of smell. Chew some pure, roasted coffee, 
and it seems to have a distinct taste. Pinch the nose hard, 
and there is little taste. Coffee has a powerful odor, but 
only a feeble taste. The same is true of garlic, onions, and 
various spices. 

128. Light helps the sense of taste. Shut the eyes, and 
palatable foods taste insipid. Pinch the nose, close the eyes, 
and see how palatable a teaspoonful of cod-liver oil becomes. 

129. Gently turn the inner part of the lower eyelid down- 


Fic, 96.—~ BLACKBOARD SKETCH. Showing how the Image of an Object is 
brought to a Focus on the Retina. 


wards. Look in a mirror; and the small “ lachrymal point,” 
or opening into the nasal duct, may be seen in your own 
eye. 

130. Close the eyelids, and press firmly on to the eyeball 
with two fingers. Note how firm and dense it is to what 
one might imagine. 

131. Zhe Retina is easily tired. — With a hand-mirror 
reflect the sunlight on the white wall, and keep it fixed. 
Look steadily at it for a full minute, and then let it suddenly 
be removed. Its “complementary” color—a dark spot — 
will appear. 

Pin a round piece of bright red paper (large as a dinner- 


